THE NARCOTIC ANALGESICS and their antagonists form a series of drugs that range from the highly effective and highly addictive pure narcotic analgesic, morphine, to the pure narcotic antagonist naloxone, a drug devoid of analgesic activity. For many years, the objective of clinical research in the area of analgesia has been to identify analgesic agents with at least the efficacy of morphine but lacking its addictive and respiratory depressant properties. The rationale behind the search for a synthetic analgesic devoid of these properties is several-fold.
In an atmosphere where drugs of the narcotic class have a potential for abuse, the development of narcotic antagonist-analgesics reduces the liability of drug dependence. The antagonistic property inherent in these compounds appears to conta'ibute to the prevention of addiction. [1] [2] [3] [4] In addition, with a shortage in the world supply of opium, there is a need for potent totally synthetic analgesics.
Completely synthetic compounds of the benzomorphan series such as cyelazocine and pentazocine have been developed. Even though these agents have a reduced liability for producing respiratory depression, constipation and urinary retention, they do exhibit psychomimetic effects which limit their clinical usefulness. Dobkin et al. ~,6 noted that pentazocine, although not nearly as psychogenic as cyclazocine, was much less potent on a unit weight basis than morphine. In addition, its efficacy in the treatment of severe post-operative pain was limited by the relatively high incidence of side effects encountered at doses required to produce adequate pain relief.
One approach to the solution of the problem has been the development of synthetic narcotic antagonist analgesics in the morphinan series. In 1972, Monkovic ~,s reported the total synthesis of butorphanol tartrate (levo-N-cyclobutylmethyl-3-14-fl dihydroxymorphinan). Figure 1 illustrates the structural formulae of butorphanol, meperidine, morphine and naloxone for comparison. Although it bears a structural resemblance to morphine and naloxone, the pharmacological profile of butorphanol is different. The results from animal studies indicate that file analgesic activity of butorphanol is four times that of morphine and 30 times that of d/-pentazocine. 9,1~ In addition, butorphanol is equivalent to na]orphine and 30 times more potent than pentazocine as a narcotic antagonist. Butorphanol also has potent antitussive properties in animals, 11 being 20 times more potent than codeine by oral administration. Pircio, et al. 1~ have demonstrated that butorphanol has a lower physical dependence liability than pentazocine employing the mouse jump- 
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ing test and Swain, Villarreal and Seevers 12 reported that butorphanol has a relatively limited liability for producing physical dependence in the rhesus monkey. Additional studies in man conducted at the Addiction Research Center in Lexington, Kentucky have confirmed these observations. 18 Some clinical studies comparing the post-operative analgesic activity of butorphanol with those of morphine ~,2~ and pentazocine ~ have also been reported. Butorphanol has been found to provide rapid pain relief with minimal side effects. For several years it has been our practice to administer intravenous meperidine as the post-operative analgesic. Therefore, to evaluate this new analgesic more fully, intravenous doses of butorphanol tartrate (0.5 mg, 1.0 mg and 2.0 rag) were compared with intravenous doses of meperidine hydrochloride (20 mg and 40 rag) in a double blind study using post-operative in-patients with moderate to severe pain.
MATERIALS AND METHODS
Signed informed consent was obtained fi'om patients within 24 hours of major operations so that a sufficient number could be entered into the study. Patients with liver, renal or haematological disease, females of childbearing age, minors and patients with a history of tolerance of or dependence on narcotic drugs were excluded from the study. All 126 patients entered into the study were evaluated as being able to communicate their pain sensations to the observer.
Pre-operative medication usually consisted of a tranquilizer, a hypnotic, and a drying agent. In 116 patients, following induction with sodium thiamylal, anaesthesia was provided by a combination of nitrous oxide-oxygen and either halo-thane or enflurane. The remaining ten patients included five who had regional anaesthesia, four who had balanced anaesthesia (including fentanyl) and one who had ketamine. Postoperatively single intravenous doses of either butorphanol tartrate (0.8 rag, 1.0 nag or 2 mg expressed as salt) or meperidine hydrochloride (20 nag or 40 mg expressed as salt) were administered as part of this investigation. The test drugs were provided in identical vials which were numbered consecutively and assigned to the patients in the order of their entrance into the study.
The test agents were evaluated post-operatively in the recovery room. When a patient complained of pain, the degree was graded as either severe (3), moderate (E), or slight (1). Patients complaining of moderate or severe pain were assigned a patient number and then 1 ml of the contents of the vial with the corresponding number was administered intravenously.
After medication the patient was observed for a period of four hours or until further analgesia was required. The severity of pain was recorded at half, one, two, three and four hours following medication. In addition, the degree of pain relief was evaluated as either no relief (0), slight (1), moderate (2), good (3), or complete ( 4 ) . The difference between the initial pain intensity score and those at each observation period provided an additional index of drug effectiveness and was designated as the pain intensity difference (PID). If a patient requested and received additional pain medication prior to the end of the four-hour study period, the pain intensity was considered to be severe (3) and the pain relief score to be 0 for all subsequent observation periods. All side effects reported by the patients or noted by the observer were recorded.
On completion of the study all the information was tabulated, the medication was decoded, and the data were statistically analyzed. Since one patient was returned to the operating room, the data from only 125 patients were included in the analysis. Values examined included (1) pain intensity scores, (2) pain relief scores, (3) pain intensity differences. These were analyzed by a modified computer program for the parallel-line assay method as described by Finney and others. 14,1~ Additional analyses included: (1) one-way analysis of variance, (2) linear dose-response regressions, (3) Duncan's New-multiple Range Test (NMR) 1G-18 to test for difference in means at each observation time and (4) an estimate of the potency of butorphanol tartrate as compared to that of meperidine hydrochloride.
REstmrs
A demographic analysis of the patient population is indicated in Table 1 . The patients included in the statistical analysis ranged in age from 18 to 72 years and ranged in weight from 85 to 9.20 pounds (39 to 100 kg). Sex distribution was 58 males and 67 females. In all groups except those of the high doses of butorphanol and meperidine, the distribution of male to female patients was similar. In these two groups, there were at least twice as many males as there were females. Also included in Table I is a listing of the patients' initial pain intensity and the number of patients who needed further medication at various time intervals. With regard to the initial pain intensity, 82 patients suffered from severe pain while 43 patients had moderate pain before receiving the study medication. An indication of the duration of action can be qualitatively obtained from the remedication data. The lowest rate of remedication (43 per cent) occurred in the butorphanol tartrate 2.0 mg group, while the highest remedication rate (83 per cent) occurred in the group receiving meperidine 20 rag. These data also indicate that the duration of action butorphanol 0.5 mg and meperidine 20 mg was less than or equal to two hours. However, at the intermediate and high doses of butorphanol tartrate (1 mg and 2 rag) and at the high dose of meperidine hydrochloride (40 mg), the duration was between two and four hours. Butorphanol 2 mg produced the longest duration of action when compared with the other treatments included in the study. The mean and standard errors for pain intensity, pain intensity difference (PID) and pain relief scores for each group is summarized in Table II and graphically represented in Figure 2 . It is quite clear from these results that the peak response in each case occurred at the half-hour observation period. The statistical analyses ( Duncan's NMR) indicate that at most of the time intervals there were no statistically significant differences between the responses to butorphanol tartrate 0.5 mg and 1.0 mg as compared with those to meperidine hydrochloride 20 mg and 40 mg respectively. Yet the responses observed following the administration of butorphanol 2.0 mg was significantly greater (p < 0.05) than the responses observed with the low dose of either medication.
Employing the parallel line bioassay for estimating the analgesic potency between these drugs, it can be observed ( Table III) that butorphanol was approximately 40 to 50 times more potent than meperidine. These data demonstrate the high analgesic effectiveness of butorphanol. It should be pointed out, however, that the upper confidence limits for the pain intensity differences are of such an extreme magnitude that these results must be interpreted cautiously. In earlier studies in man n,~5 butorphanol tartrate was demonstrated to be at least five times more potent than morphine sulfate which in turn has been reported to be at least eight to ten times more potent than meperidine. 19 Therefore, by extrapolation, the butorphanol:meperidine potency ratio derived from the present study is in agreement with these data and would appear to be accurate. Table IV lists side-effects and their incidence. A comparison of the test groups with respect to the incidence and type of side effects reveals that the largest dose of butorphanol tartrate (2.0 mg) produced the greatest incidence of drowsiness (39 per cent) which was the most common side effect in each test group. The incidence of other side effects was relatively low and there appeared to be no major differences among the groups with regard to the onset (usually 30 minutes post-treatment) and duration (usually 2 hours) of these side effects. In addition, one patient who received butorphanol 0.5 mg and who was given meperidine 50 mg six hours later went into respiratory arrest and coma and was unresponsive to naloxone. Since this reaction occurred several hours following the lowest dose of butorphanol and immediately following meperidine, the event was not attributed to butorphanol. Another patient complained of dizziness, weakness and nausea after receiving meperidine two hours after an initial dose of meperidine 40 mg. These side effects were not included in Table IV . Both butorphanol and meperidine were tolerated and no local tissue reactions occurred.
DzscussIoN
The difficulty of evaluating and quantitating pain is well known. Extensive reports have appeared in the literature evaluating the subjective responsiveness to pain and analgesics? ~ Unlike experimental pain studies in normal volunteers who serve as their own controls, all variables cannot be eliminated when studying analgesics in the post-operative patient. For instance, the quality of post-operative pain varies considerably from patient to patient due to several factors, such as age, sex, the surgical procedure, the physician-patient relationship and the psychological makeup of the patient. With regard to this last factor, the patient's reaction to illness or injury and the impact that it has on his life situation are additional contributing factors. For these reasons, an attempt was made to eliminate at least one variable by having all pain evaluations recorded by one trained observer. In addition, the premedication and anaesthetic techniques were for the most part similar. Patients undergoing major abdominal or major orthopedic procedures were selected for this study since it is after these operations that many patients experience moderate to severe pain.
Since it is our customary practice to use small intravenous doses of meperidine in the recovery room, it was not surprising to us that a high percentage of patients receiving the low dose of both test agents requested additional medication. The smaller butorphanol tartrate doses (0.5 mg and 1.0 mg) and all meperidine doses (20 mg and 40 mg) produced adequate analgesia with approximately a two-hour duration of action. The largest dose of butorphanol tartrate (2.0 rag) produced analgesia of longer duration and produced somewhat more sedation.
It was also of interest that, with the exception of one patient who received 0.5 mg of butorphanol tartrate, no clinically significant post-operative respiratory depression occurred in any patient. In a previous study evaluating the effect of butorphanol in normal volunteers, large intravenous doses (2.0 and 4.0 rag) were demonstrated not to depress respiration significantly more than morphine sulfate 10 rag34 In addition, morphine 20.0 nag produced a further dose-related respiratory depression, whereas the effect of butorphanol 4.0 mg appeared to plateau and did not significantly produce more depression than either the 2.0 nag dose of butorphanol or the 10 mg dose of morphine.
In the present study, aside from the high incidence of sedation observed, other reported side effects were relatively minor. These results indicate that butorphanol is a safe and effective analgesic. Only through additional clinical trials in a larger population of patients will the clinical usefulness of butorphanol tartrate be completely established. If future studies substantiate our findings and further demonstrate that butorphanol has low addiction liability without adverse effects on the cardiovascular and respiratory systems, then it may find a place in modern medicine.
SUMMARY AND CONCLUSION
Intravenous doses of butorphanol tartrate (0.5 mg, 1.0 mg and 2.0 mg) and meperidine hydrochloride (20 mg and 40 nag) were compared under controlled conditions employing a double blind study design. Informed consent was obtained from all post-operative patients suffering from moderate to severe pain who participated in this study. Approximately 25 patients were included in each group. The data from 125 patients were subjected to statistical analysis. The results indicated that butorphanol is approximately 40 to 50 times more potent than meperidine. In addition, at most of the time intervals, there were no statistically significant differences between the responses to butorphanol 0.5 mg and 1 mg and meperidine 20 mg and 40 mg; but the response to butorphanol 2 mg was significantly (p < 0.05) better than the low dose of each agent. The low doses of butorphanol (0.5 rag) and meperidine (20 rag) appear to have an effective duration of action of less than two hours. The larger doses (butorphanol 1.0 nag and 2.0 mg and meperidine 40 mg) appeared to produce a two-to four-hour duration of action. The largest butorphanol dose (2.0 rag) appeared to produce the longest duration of action.
A comparison of the test groups with respect to the incidence and type of side effects showed that butorphanol 2.0 mg produced a greater incidence of drowsiness (39 per cent). The overall incidence of drowsiness for patients receiving either the 0.5 mg or 1.0 mg dose of butorphanol was 19. per cent, as compared with an 8 per cent overall incidence in the meperidine group. The incidence of other side effects was relatively low in all test groups. No significant differences were noted among the groups with regard to the onset (usually ~<30 minutes posttherapy) or the duration (usually ~<9. hours) of side effects. Butorphanol appears to be a safe and effective analgesic for the relief of moderate to severe postoperative pain. comparant les effets du tartrate de butorphanol et de la m6p6ridine, devant une douleur post-op6ratoire variant de mod6r6e ~t intense. Aux fins de cette 6tude, ]es malades ont 6t6 divis6s en cinq groupes. Selon qu'ils appartenaient h l'un ou l'autre des groupes, ils ont regu une dose intraveineuse de 0.5, de 1.0 ou de 2.0 mg de tartrate de butorphanol; ou encore, une dose intra-veineuse de 20 ou de 40 mg de m6p6ridine.
Les r6sultats indiquent que ia puissance du butorphanol est de 40 ~ 50 fois plus grande que celle de la m6p6ridine. La diff6rence entre les effets des doses de 0.5, de 1.0 et de 2.0 mg de butorphanol et celle de doses de 40 mg de m4p6ridine n'6taient pas significatives. La r6ponse ~t une dose de 2 mg de butorphanol 6tait plus grande (p < 0.05 ) que celle observ6e apr4s une dose de 0.5 rng de butorphanol ou de 20 mg de m6p6ridine.
La dur6e d'action de 0.5 mg de butorphanol et de 20 mg de m6p6ridine est d'environ 2 heures, alors que 40 mg de m6p6ridine, ainsi que 1 ou 2 nag de butorphanol ont un effet de 2 ~t 4 heures. C'est la dose de 2 mg de butorphanol qui semble avoir l'effet le plus prolong6.
Une 6tude comparative des effets secondaires a r6v616 que 2 nag de butorphanol produisaient plus de somnolence (39 pour cent) qu'une dose de 0.5 ou de 1 rng de cet agent (12 pour cent), ou qu'une dose de m6p6ridine (8 pour cent). Les autres effets seeondaires 6taient relativement rares dans tousles groupes 6tudi6s. On n'a pas not6 de diff6rence significative entre les groupes en regard du d6but (~<30 minutes ) ou de la dur6e ( ~<2 heures) des effets secondaires observ6s.
Le butorphanol nous apparalt un analg6sique sur et efflcace pour le soulagement de douleurs post-op6ratoires mod6r6es ou intenses.
